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PROBLEM TO BE SOLVED: To control the constituents 
and capacity of activating seeds and thereby carry out 
highly selective etching, and high-precision and high- 
speed etching by controlling electron energy and 
electron density in plasma by means of electromagnefc 

waves. , Q . 

SOLUTION: A process gas in a processing chamber 9 is 
transformed to plasma by the use of a capacitive 
coupling discharge means by supplying power from a 
power supply 1 to a parallel, flat electrode 2. and thereby 
various activating seeds are produced, and an electnc 
field 14 is induced near a side wall part 6 by an 
electromagnetic wave radiating antenna 1 1 . and the 

condition of the wall surface of the ^f^f^^^^^ 3,3, „ into the gaps of 

controlled by adjusting a power supply 12. The diffused pia 
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parallel flat electrode plates 2. 3, so that radical composition can be controlled. In addition, by 
generating magnetic lines of force 15 by the use of a magnetic field generating means 13 and 
thereby developing electron cyclotron resonance by the electric field 14 of the antenna 1 1 and 
the magnetic lines of force 15, plasma is effectively generated, and thus, the performance of 
minute processing can be optimized by regulating the intensity of the magnetic field 1 5 and 
thereby adjusting the radical ingredient ratio. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 

precisely. 

2. * * * * shows the word which can not be translatea. 
3. In the drawings, any words are not translated. 




tv.^c plertric field in niasma treatment equipment accordmg to claim i . 

in series in plasma treatment equipment accordmg to claim 6. conductor of plurality 

by this RF electric field 

http://v™w4.ipd[opo.goOp/cgi-bm/tra„_web_cgLei)e?u.http%3A%2Fy^^ 12/9/02 



Page 2 of 3 



[Claim 10] Plasma treatment equipment with which the aforementioned electro-magnetic-radiation 
means is characterized by dividing into plurality the electrode of a capacity-couplmg electric discharge 
means to impress high-frequency voltage, establishing the high-frequency-voltage phase impressed to 
each inter-electrode ones, and a means to change a high-frequency-voltage amplitude, making each 
aforementioned inter-electrode one generate RF electric field, and emitting an electromagnetic wave by 
this RF electric field in plasma treatment equipment according to claim 5. 
[Claim 11] Plasma treatment equipment characterized by forming so that a means to form the 
aforementioned magnetic field may become a perpendicular mostly in plasma treatment equipment 
according to claim 5 to the electric field of the electromagnetic wave emitted by the electro-magnetic- 
radiation means. , 
[Claim 12] the plasma treatment equipment which has a plasma treatment gas supply means,.a plasma 
treatment indoor exhaust air means, a plasma generating means, and the means that exposes and carries 
out plasma treatment of the processing substrate to the generated plasma - setting - the conductor ot 
plurality [ means / plasma generating / aforementioned ] - the plasma treatment equipment 
characterized by generating RF electric field, emitting an electromagnetic wave among parts, and 

generating plasma . , , • i 

[Claim 13] Plasma treatment gas supply means. A plasma treatment indoor exhaust air means, a plasma 
generating means, and the means that exposes and carries out plasma treatment of the processmg 
substrate to the generated plasma, plasma treatment equipment equipped with the above - it is - the 
conductor of plurality [ means / plasma generating / aforementioned ] - RF electric field are generated 
among parts and it is characterized by the bird clapper from a means to emit an electromagnetic wave, 
the electromagnetic wave emitted by the aforementioned electro-magnetic-radiation means, and a 
magnetic field generating means to generate the magnetic field of the conditions which generate a 
electron cyclotron resonance 

[Claim 14] Plasma treatment gas supply means. Plasma treatment indoor exhaust au- means. Plasma 
generating means. The means which exposes and carries out plasma treatment of the processmg 
substrate to the generated plasma in the plasma treatment interior of a room. It is plasma treatment 
equipment equipped with the above, and is characterized by constituting from either a field which has a 
means to accelerate the ion in which the internal surface of the aforementioned plasma treatment room 
carries out incidence from plasma, or a field which has the means which maintains internal-surface 
temperature at the set-up temperature of 200 degrees C or less. 

[Claim 15] Plasma treatment gas supply means. Plasma treatment indoor exhaust an- means. Plasma 
generating means. The means which exposes and carries out plasma treattnent of the processing 
substrate to the generated plasma in the plasma treatment interior of a room. It is plasma treatment 
equipment equipped with the above, and while accelerating the ion in which the internal surface of the 
aforementioned plasma treatment room carries out incidence from plasma, it is characterized by 
constituting from either a field which has a means to control the temperature of the front face, or a field 
which has the means which maintains internal-surface temperature at the set-up temperature of 200 

degrees C or less. . . , 

[Claun 16] The plasma treatinent metiiod characterized by carrying out plasma treatment, emitting the 
electromagnetic wave generated by RF electric field into tiie aforementioned plasma while generating 
plasma by capacity coupling in the plasma treatment interior of a room. 

[Claim 17] The plasma treatment metiiod characterized by controlling and carrying out plasma treatinent 
of tiie homogeneity of plasma treatment by preparing two or more portions which emit into plasma the 
electromagnetic wave generated by the aforementioned RF electric field in tiie plasma treatment method 
given in claim 16 term, and controlling tiie radiation electromagnetic wave power from the 
aforementioned electro-magnetic-radiation part. 

[Claim 18] The plasma treatment method characterized by emitting tiie electromagnetic wave generated 
by RF electiic field into the aforementioned plasma, and carrying out plasma treatinent of the magnetic 
field perpendicularly with generating mostly to tiie electiic field of tiie aforementioned electromagnetic 
wave while generating plasma by capacity coupling in tiie plasma treatinent interior of a room. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] _ x-.u i + 

[Drawin g 11 It is explanatory drawing showing the plasma treatment room composition ot the 1st 
example by this invention. . 
[Drawing 21 It is explanatory drawing showing the example of others of the electrode structure shown in 

the 1st example. ^, . i ^ u 

Prawin g 31 It is explanatory drawing showing the example of others of the electrode structure shown in 

the 1st example. . r^u n a 

[Drawin g 41 It is explanatory drawing showing the plasma treatment room composition ot the Zna 

example by this invention. . 

[Drawing 51 It is explanatory drawing showing the plasma treatment room composition ot the ird 

example by this invention. 

[Drawin g 61 It is explanatory drawing showing the plasma treatment room composition ot the 4th 
example by this invention. 

[Drawin g 71 It is explanatory drawing showing the plasma treatment room composition ot the ^th 
example by this invention. . 
[Drawing 81 It is explanatory drawing showing the example of others of the electrode structure shown m 

the 5th example. ^ , , ^ ^ ^ ^ 

[Drawing 91 It is explanatory drawing showing the example of others of the antenna electrode structure 

shown in the 5th example. • ^^u 

[Drawing 101 It is explanatory drawing showing the plasma treatment room composition ot the bth 

example by this invention. _ n . i u +t.- 

[Drawing 111 It is explanatory drawing showing the electrode composition of the 7th example by this 

invention. . . . 

[Drawing 121 It is explanatory drawing showing the plasma treatment room composition ot the example 

oftheoctavus by this invention. 

[Drawing 131 It is explanatory drawing showing the plasma treatment room composition ot the yth 

example by this invention. . 

[ Drawin g 141 It is explanatory drawing showing the plasma treatment room composition ot the lUth 

example by this invention. 

[Drawing 151 It is explanatory drawing showing the plasma treatment room composition ot the 1 1th 

example by this invention. . . r-^i i o+u 

[Drawing 161 It is explanatory drawing showing the plasma treatment room composition ot the 12th 

example by this invention. . • + 

[Drawin g 171 It is explanatory drawing showing the composition of the plasma treatment equipment ot 

the conventional technology. 

[Description of Notationsi ^ , , , ^ 

1 - power supply, 2 - electrode, and 2 electrode, a T- electrode, and 2"' electrode and 3 - 
susceptor - 4 processing object and 5 - the insulating section, 6 side-attachment-wall section, 7 
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gas supply means, and 8 a conductor - a wall - 8'- a conductor - a wall, 9 -- processing room, and 
10 - a power supply, 1 1 -- antemia, and 12 - power supplies - 1 3 [ Electric field which a periphery 
electrode generates, ] - A magnetic field generating means, 14 - Electric field, 14' which an antenna 
generates 15 [ -- Insulator covering, 18 / -- Polar zone, ] Line of magnetic force, 16 -- An antenna 
electrode 17 19 [ -- A power-output edge, 22 / -- Insulating section, ] -- The antenna section, 2U -- A 
power-input edge, 21 23 [ - A stage electrode, 53 / - A counterelectrode, 55 / ~ A processing substrate, 
56 / - Bias power supply, 57 / - A RF generator, 58 / - A coil, 70 / - A processing room 71/ - A 
counterelectrode, 81 / - A RF generator, 82 / ~ A RF generator, 87 / ~ A cover plate, 91 / ~ Covering. J 
~ A periphery electrode, 51 ~ A processing room, 52 



[Translation done.] 
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DRAWINGS 
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[Drawing 3] 
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[Drawing 171 
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[Drawing 12] 
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[Drawing 13] 
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[Drawing 14] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] , , . , 

[The technical field to which invention belongs] this invention relates to plasma treatment equipments, 
such as detailed pattem formation of a semiconductor device or a liquid crystal display element and 
suhable plasma etching to process uniformly to the diameter substrate of macrostomia, smtable plasma 
CVD for formation of a fine structure thin film, and a plasma polymerization, and the plasma treatment 
method especially about the processor equipped with the plasma production means. 

[0002] . . J u 

[Description of the Prior Art] It is the energy of incidence ion to the active species and the processmg 
substrate which influence processability ability with the plasma treatment equipment which processes a 
semiconductor device and a liquid crystal display element using plasma. The directivity of ion, 
homogeneous control of plasma treatment, and the productivity of plasma treatment are required. 
[0003] About control of active species, there is a thing of an parallel plate electrode method which is 
indicated by JP,57-131374,A, for example, and the conventional example of the plasma treatment 
equipment of this parallel plate electrode method is shown in drawingjl . , ■ i, i, 

[0004] With the equipment of drawing 17 , h is maintained at the vacua by the fluemg means which the 
processing room 9 surrounded by the electrode 2 of the shape of the cylinder-like side-attachment-wall 
section 6, the insulating section 5, and a disk does not illustrate, and the gas supply means 7 supplies a 
raw gas to a processing room through the electrode 2 which has the fimction of a gas introduction way. 
Usually, the side-attachment-wall section 6 is grounded and is insulated by the insulating section 5 in the 
electrode 2. The electrode 2 and the susceptor 3 constitute the parallel plate electrode, and when a power 
supply 1 applies power between this parallel plate electrode, the raw gas of the processing room 9 • 
interior plasma-izes them. 

[0005] The wafer 4 of a processing object is installed by the lower part of a processing room on the 
susceptor 3, and micro processing is performed by the active species in the raw gas activated by the 
plasma generated m the processing room 9, and plasma (radical). At this time, the amount of the active 
species which exists partly and the state of a ratio which the density of plasma and the temperature of 
the electron in plasma change, and influence simultaneously decomposition of a raw gas, i.e., the 
performance of micro processing, with the input power which a power supply 1 applies, the pressure in 
the processing room 9, the width of face of the gap between an electrode 2 and a susceptor 3, etc. 
change. 

[0006] There is a method which is indicated by JP,4-2391 28,A about control of an ion energy. 
[0007] Independently, this establishes the emission magnetic field where these are perpendicular m an 
parallel monotonous electrode, and it enables it to control independently the energy of the ion which 
controls auto-bias voltage and carries out incidence to a substrate by the magnetic field, and the RF- 
generator output which generates plasma by this carries out highly precise etching processing, without 
giving a damage. 

[0008] While raising the directivity of ion, there is a method which is indicated by n*,8-195379,A as a 
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™r^:it:;?ar:=:^^^^^ was exceue„. i„ U.e density dismbu.io„ co„.oUabi,i.y of 
plZi while generating high-density plasma in low voltage by generating the plasma to which capacity- 
couDling nature and inductive-coupling nature were intermingled. ^ u- u 

[OOIoTtCIs equipment currently indicated by JP,61-283127,A as plasma treatment equipment which 
controls the homogeneity of plasma treatment. • ^- -^^^ ;„t« ninmlitv and 

room With this equipment, the electrode which impresses RF power is divided into plurality, and 
improvement homogeneous by controlling mdependently the power impressed to each electrode is 

rOOltl A big problem when raising productivity is falling, the rate, i.e., the product yield, of an excellent 
article in the inside of the element which the film's was formed in the internal surface of a processing 
room in processing of etching, plasma CVD, etc., and these exfoliated, led to generating of dust, and 
production of the semiconductor device of high accumulation and the liquid crystal display elemen 
produced. Moreover, while contmuing production, a processing property changes and the problem that 

the product yield falls is also. * * *u 

r00131 The depository film formed in the processing indoor wall by plasma treatment repeats the 
temperature change by the heat input change firom plasma, if stress occurs and a film becomes thick m^^^ 
depository film by this, this stress will become more than adhesion force, ablation of a film will start and 
generating ofdust will turn into generating of dust. . . , , * . + 

foOUl In order to remove the depository film formed in the internal surface, the plasma treatment 
equipment which raises the energy of the ion which carries out incidence to the field which these 
depository film was formed, and raises the removal rate of a depository film is indicated by JP,8- 

r00?5moreover, the depository film of an internal surface is changed into the volatile matter and the 
method of discharging by the evacuation system is shown. Non-gas-like material is arranged to the 
processing interior of a room, this material and plasma react, reactant chemical species are generated 
Siis reacts with a depository film and the method of changing a depository film into volatile goods and 
cleaning it is indicated by JP,7-1 53751, A. . j r ^ n- ^u^:r.f^^r,\ 

[00161 The equipment which prepared the electrode cooled by the method of controlhng the internal 
surface of a plasma treatment room to constant temperature as a method of stabilizing the processing 
property of plasma treatment at JP,6-188220,A and JP,61-8927,A, and the fluid which makes parallel 
structure is indicated. 

[problem(s) to be Solved by the Invention] Reduction of uniform processing of a selection ratio with 
Uing, h ghly-efficient-izing of a processing configuration, and the diameter substrate of macrostomia 
and du^t generating is fiirther needed with high integration of a semiconductor device, and diameter[ of 
macrostomia ]-izing of a production board. i u 

[00181 1) One of the factors which influence greatly processing properties, such as selection ratios, such 
as etching processing by plasma and CVD processing, a processing configuration, and membraneous 
Ltris active species generated by electronic collision in plasma. The yield of this active species and 
Sie active species to generate are decided by the energy situation of the electron m plasma. 
[00191 The energy state of the electron in this plasma is decided by the disappearance rate by diffusion 
of the collision frequency by the processing pressure force, and the electron in plasma etc. It was 
difficuU except ch^ging a statistLl distribution by the energy state of the e ectron m plasma becoming 
a statistical distribution by the collision with a neutral molecule, ion, etc., and changmg a colhsion 
frequency like a pressure to control the distribution. Therefore, in order to control an electromc energy 
state conventionally, the method of controlling the processing pressure force was taken^ However, by the 
method of controlling the processing pressure force, the micro-processing nature of etchmg processing, 
coexistence of a selection ratio, etc. become difficult, and coexistence of the covermg performance on 
membrane formation speed, membraneous quality, and the firont face of an element becomes difficult m 
plasma CVD. 
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[0020] One of the purposes of this invention offers the electronic energy control means in the plasma 
which became independent of a plasma generating means and ion-energy control means apart from 
process conditions like the conventional pressure, and it controls the component of active species, and 
the amount of active species, and its selection ratio is high and it is to offer the plasma treatment 
equipment whose micro processing is possible. . ; 

[0021] 2) It is required to be compatible with the generating technology of active species control, lon- 
energy control, and low voltage high-density plasma about the homogeneity of plasma freatment. 
[0022] Moreover, with diameter[ of a large quantity ]-izing of a processmg substrate, when the gas tor 
processing flows in the periphery section from a substrate core by etching processing or CVD 
processing an active species concentration distribution and a distribution of a depository film actualize, 
and it is becoming difficult to carry out uniform processing all over the diameter substrate of a large 
quantity Therefore, in order to solve these problems, it is required to negate the factor which cannot 
equalize a distribution according to another etching property control factor. As one conteol factor tor 
that it is required to be able to adjust the concavo-convex distribution of plasma for a plasma 
distribution for every process conditions independently of the process conditions of others, such as 

plasma density and a pressure. . , , - . , *u 

[0023] One of the purposes of this invention is to offer the plasma treatment equipment which has the 
homogeneous controlling mechanism with which it is compatible with generating of active species 
control, ion-energy control, and low voltage high-density plasma with a controlling mechamsm, and the 
process conditions of further others can control the homogeneity of plasma independently, and the 
plasma treatment method. ... -j • • j 

[0024] 3) Although removing the depository film adhering to a processing indoor side is exammea as 
conventional technology for the reduction in raising dust, evaporation of a depository film takes time to 
the method of evaporating and exhausting a depository film, and it has the problem of reducing 
productivity. Moreover, since it is exposed to the radical and ion in plasma, it deteriorates, and the 
reaction in a wall surface changes, and the field after removing a depository film affects a plasma 
treatment property etc. . . a a 

[0025] Moreover, the front face where states, such as a field where RF power is mipressed, and a 
grounded field, differ is intermingled on the plasma treatment indoor wall surface, and the reduction in 
raising dust corresponding to these is required for it. 

[0026] One of the purposes of this invention is to offer the plasma treatment equipment which can work 

for a long period of time, without generating dust, and is not fall ** about productivity. 

[0027] 

[Means for Solving the Problem] The above-mentioned technical problem was solved by the following 
meanses by this invention. . . 

[0028] 1) Give energy to the electron in the plasma generated more in capacity-coupling electric 
discharge for the plasma generating means by capacity-coupling electric discharge, and a means to emit 
an electromagnetic wave into the plasma by the electromagnetic wave, control electromc energy and 
electron density, and consider as a means to adjust the component ratio of active species, and the amount 

of active species. , , , ^ 

[0029] The magnetic field where the antenna for switching on the electrode and electromagnetic wave ot 
an parallel plate electrode and the switched-on electromagnetic wave may advance the inside of plasma 
is established in the processing interior of a room, it installs so that the plasma production field of this 
antenna may lap with the plasma production field of an parallel plate electrode, and electromc energy 
and electron density are controlled by mixture of the plasma of two types of the plasma by the plasma 
generated in the parallel plate electrode, and the electromagnetic wave switched on fi-om the antenna. 
Electronic energy can be controlled now by electro magnetic radiation from an antenna, by changmg the 
power rate supplied to electro magnetic radiation from capacity-couplmg electric discharge and an 
antenna, can change the electronic energy situation in plasma, and can control the amount of active 
species, and active species. 

[0030] Moreover, it is made adjustable including the conditions which a electron cyclotron resonance 
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aenerates to the frequency of the electromagnetic wave to which the magnetic field intensity of the 

f b^e meSioned Is^l field is emitted, and enabled it to control by this the energy level given to the 

plprtron in Dlasma bv changing magnetic field intensity. 

plasmi is formed more than a duplex, and the distribution of plasma was controlled by means to control 
the electromaenetic wave emitted fi:om each antenna. , . . ^- 

m0321 IHsTs^aving described active species generating control and having indicated into the portion 
that electron density can control an electromagnetic wave by emanatmg mto plasma. 
mOS sfdSng into plurality the electrode of the capacity-coupling electric discharge as an antemia 
me J which emits a^ electromagnetic wave, and making each inter-electrode one generate kgh- 
frequency voltage - each inter-electrode one - an electromagnetic wave - radiation - it was made 

lo034] The power of the electromagnetic wave emitted from each if ^-^l^^^^^^l^.^'^.^;^ r??rnhase of 
controUine Ae high-frequency voltage generated in inter-electrode [ which was divided ]. The phase of 
rWgrfreqiLn^^^^^^^ impressed to each electrode as control means of the high-frequency voltage 
wViirVi penerates inter-electrode was controlled. . . , 

r0035] 3)Tn o^^^^^^^ it might be accelerated by RF electric field and ion might carry out incidence in a 
plasma treatment room by the electrode which impresses a RF, the film which adheres to an electrode 
front face by the energy of this ion was removed, and the raising dust by the depository film was 

fSl While using the material which reacts to an electrode front face with tiie active species generated 
n pla ma treatment, and does not generate the nonvolatile matter, heat transfer to the cooled electrode 
was raided, and in order to reduce temperature change, it was made the structure where a pressure was 
heightened. While reducing the raising dust by a nonvolatile reactant orgamsm being formed m a front 
S by this, temperature change was reduced, the reaction in a front face was stabilized, and change of a 

PlotSgTt^f^^^^^^^^^ 

a film not to occur by keeping the temperattire of a processing indoor wall surface constant about tiie 
other portion. Moreover, by keeping temperattire constant, the reaction m a front face was stabilized and 
change of a plasma tteatment property was prevented. 

[Embodiments of the Invention] Hereafter, one example of this invenfion is shown in drawmgl - 
drawin g 16 . 

100391 Dravdngl explains the 1st example. „ , . 

0040 Ti^ ^raWl , the susceptor 3 which supports a processing object is installed m the Processing 
oom 9, andl^^ssing object 4 is placed on the aforementioned susceptor 3. A processing object 4 is 
a wafer for semiconductor devices. Some walls of a processing room serve as m electrode 2, and it 
tos In parallel plate electrode between the susceptors 3 which also have the fimction of an e lecl^^^^^^^^ 
AlAough it is usually plate-like, an electrode 2 may be plate-like, may have a stair-like level difference 
Ute the drawingl (b), and, as for the susceptor 3 and the processing object 4, may have a curved-surface 
port on iSe togl b). Even if an electrode 2 is which case of drawkigj. , the dra^n^ (b), and 
Sie teing2 (blUd^the group of an electrode 2 and a susceptor 3 is called parallel plate electrode. 
Usudwiugh the electrode 2 is in contact with the processing room 9, covenng which consisted of 
^slL etrjay be between an electrode 2 and the processing room 9. The raw gas is introduced inte 
^processing room 9 by the gas supply means 7, for example, the electrode 2 may have the fimction of 
a raw-gas introduction way like drawingj, . . u- uio^^t 

[0041] Furthermore, the processing room 9 is exhausted by the exhaust air means which is not 
illustrited, and is mkin Jned at the low voltage state. The processmg room 9 is surrounded in the side- 
attachment-wall section 6 grounded by the shape of a cylinder and an electrode 2 and the side- 
attachment-wall section 6 are electrically insulated by the insulatmg sectton 5. A power suppb^^^ the 
combination of AC power supply and a matching circuit. With the power which the power supply 1 
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applied to the parallel plate electrode, the raw gas of the processing room 9 interior plasma-rzes ^d 
plasma activates a raw gas and generates the active species of vanous kinds. Furthermore the antenna 
1 Us installed near the Lulator 5, and an insulator 5 has the function of the aperture which introduces 
into the processing room 9 the electromagnetic wave which an antemia 1 1 generates Antennas 11 may 
beCp —as which had one or more input edges and outgoing ends of power, and were rolled more 
Aan a reel or it, may be division loop antemias which divided the reel into plurality, and even if Aey are 
other configurations, they should just be antemias which emit an electromagnetic ^^^e AlAough^^^^ 
power supply 12 supplies power to the antemia 1 1, a power supply 1 may apply power to an electrode 2 

^042] Mor^virl if insulating regions, such as a slit which checks the induced current to jlec^^^^^^ 
are prepared as shown in drawing^ when an antemia 1 1 guides current to an elec^ode 2, it w 1 beoome 
easy to introduce the power of an antenna into the processing interior of a room. An antemia 1 1 carries 
out induction of the electric field 14 as shown in drawmgl to the proces^ng interior °f ^o^"^' 
generates plasma. Since this antemia generates plasma near the side-attachment-wall s^^^^^^ ^' w thf 
of the wall surface of the side-attachment-wall section 6 is controllable by adjusting the power by the 

r0043] Motover, although the radical which the plasma by the antemia 1 1 excites is diffused and it 
permeates and goes also to the gap of an parallel plate electrode, since composition ^'^^^'^^'^'^J^'^^^^^^ 
active species which the plasma by the parallel plate electrode excites, control of the radical composition 
inside processing loculus is possible by adjustment of the power supplied to an antenna. 
[0044] With the equipment of drawing 1 , a magnetic field can be further added to the processing 
kiterior of a room by the magnetic field generating means 13. For example the magnetic field of a 
Sution as shown by line'of magnetic force 15 using a cylinder-like solenoid coil can be generated. 
If the vibration frequency of electric field 14 and the intensity of a magnetic field 15 are united so that a 
Ic^oTcyc^^^^^^ may be started when the oscillating electric field 14 and line of magnetic 

force 15 which an antemia generates are in general perpendicular plasma is efficient y generable 
especially. For example, when the frequency of oscillating electric field is 68Mhz(es), a electron 
cyclotron resonance happens near 24 gausses ofmagnetic field intensity. , ^ „ 

[0045] Moreover, if magnetic field intensity is adjusted in the range near a electron cyclotron resonance 
magnetic field, adjustment of a radical component ratio can be performed and the performance of micro 

KTSSmo^^^^^^ where magnetic field intensity is stronger than an electromc cyclotron 

magnetic field, an electromagnetic wave can spread the inside of plasma along a ^^f^^^^^. 
Therefore, the increase in efficiency of plasma production is attained by setting up the distribution of an 
antemia and a magnetic field so that it may pass through the place where the line of magnetic force 
which passes along an antemia like drawing 1 wants to generate the plasma of the processing interior of 
a room. 

r00471 Next, drawing 4 explains the 2nd example. .... . 

0048 Although the component witii the fiindamental equipment of drawmgl is almost the same as the 
equipiient of drawing 1 , in drawing^ , it differs in tiiat the antemia 1 1 currently mstalled in the upper 
surface of the processing room 9 is installed in the side of a processing room, m dra^^ , the 
electiomagnetic wave of an antemia 1 1 does not leak outside - as - a conductor - although sunrounded 
brwaTs' a conductor - a wall 8 and a conductor - wall 8' may be the thing of one Another feature of 
the equipment of drawing 4 sets up caudad the installation position of the 'f^''''^fl^f;'f2L 
meanses 13 such as a solenoid coil, and is that it arranges so that the line ofmagnetic force 15 which 
passes the antemia 1 1 installed in the processing room side may pass through the processing in enor of a 
room As the example of drawing 1 also described, when this adds a magnetic field stronger than a 
electron cyclotron resonance magnetic field, the electromagnetic wave which an antemia emits becomes 
easy to enter into the plasma of the processing interior of a room, and is gathering the generation 
efficiency of plasma. 

[0049] Next, drawing 5 explains the 3rd example. 
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[0050] Although the equipment of drawing 5 has the almost same composition as the equipment of 
drawing4 it differs in that the antemia 1 1 is installed in the processing indoor section. If an antemia is 
dke^xposed to the plasma of the processmg interior of a room, when ^J.^^emia ^ff" . 
shaved and it will have a bad influence on micro processing, the material which can be hard to delete by 
olasma on the surface of an antenna may be coated, or covering which was able to be done at the 
antemia with the insulator may be put. By installing an antemia in the processing mdoor section like the 
example of drawin g 5 , when the space which installs an antenna in the processmg room upper surface 
or the processing room side cannot be taken, an antenna can be formed. 
[00511 Next, drawing^ explains the 4th example. 

0052 Although the composition of the equipment of drawing 6 is the same as the equipment ot 

, will the equipment of drawing , the point that the antemia 1 1 is ^n/t^ll^^ ^/PP.^^ 
^fai^tmde 2 has been the feature. In the case of the equipment of drawing^ V'^r S T t i^tl t 
insulating sections, such as a slit as shown in drawing 3 , and some electromagnetic fields [ at least ] as 
for which an antemia 1 1 carries out induction can pass an electrode 2, it can spread m the processing 
room 9 and plasma can be generated, or energy can be given to plasma now. In this case m order for an 
pSpl^e electrode and an antemia to generate plasma in the gap of an electrode 2 and a susceptor 3, 
antenna injection power adjusts the electronic energy of the plasma of processing-object right above, 
and it becomes possible to raise the performance of micro processing. 

[00531 Next, drawing 7 explains the 5th example. ^ . , • ^ ^ • 

0054 The feature over the equipment of drawin gj. of the equipment of drawingj is the point of usmg 
the antenna electrode 16 which the antenna 1 1 and electrode 2 of drawm&l umfied. 
[0055] The example of an antemia electrode is shown in drawin g 9 . An antenna electrode consists ot 
one or more anteL sections 19, input edges 20, and outgoing ends 21 which were comiected with one 
or more polar zone 18 there. An example of an antenna electrode is shown in the dmmng9 (b), the 
draMngi (b), the drawing (c), and the drawing 9 (d). A slit-like insulating region is P':^?^^^ so *at 
theindSced current which the electromagnetic wave which the antemia section 19 especially emits by 
the drawing 9 (c) causes in the polar zone 18 may be checked, and the radiant efficiency of the 
electromagnetic wave of the antenna section is gathered. , , , , , ^. „„,^„r..> 

[0056] In the example shown in drawing? or drawing9 , although the polar zone and the antenna 
section are in a coplanar mostly, they may have composition with three-dimensional polar zone and 
^tei^a section For example, there is also an antemia electrode in which the antemia section is installed 
STveTpolar zone^A'part of power applied to the input edge 20 by the power supply 1 is u.ed 
for plasma production by the parallel plate electrode which the polar zone 1 8 and a susceptor 3 fom, 
and the remainder is emitted as an electromagnetic wave firom the antemia section 19 and generates 
Xsma to the processing interior of a room. An outgoing end may be grounded, and m order to maintam 
the voltage of the polar zone of an antemia electrode, after it minds the voltage maintenance means 
constituted by the capacitor etc., you may ground it. , , , ,^„„^^t Tf thi^ 

[00571 Moreover, an input edge and an outgoing end may be replaced and you may connect It this 
Litem^a electrode is used, an electrode and the power supply which was in one antemia at a time can be 
managed with one. Although the polar zone of an antemia electrode is exposed to a processing room and 
Sr^fennTsection is in the processing outdoor section in drawing! , you may attach to the polar zone 
covering which consisted of insulators etc. „ ^ . .1 • ^ 

[0058] Moreover, as shown in drawing 8 , the antemia section may be mstalled in the processing indoor 
section, and you may cover an insulator eto. in the antemia section. The equipment of drawmgJ or 
drawings can have the almost same effect as the equipment of drawmgJ. . and can improve the 
performance of micro processing of a processing object. 

[0059] Next, drawing 10 explains the 6th example. . u u . • -^^ .uonh^^r^t 

[0060 With the equipment of drawing 10 , in order to generate plasma in the about six side-a^chment- 
wall section of the processing interior of a room, the power supply 12 which apphes power is formed 
beteen the periphery electrode 23 and the side-attachment-wall section 6. Since the plasma which the 
periphery electrode 23 generates is near the side-attachment-wall section, it can perform control of the 
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state of a side-attachment-wall section wall surface, and can improve the perfomiance of nucro 
processing. Moreover, the plasma from which a thing which is different in the frequency of a power 
supply 1 and a power supply 12, then electron temperature differ is generated, and the performance of 
micro processing can be optimized by regulation of a radical component ratio like the « W^Jf «t ^ 
drawing 1 . FurSermore, the magnetic field generating means 13 is installed so that the direction of 
d^ctri^field 14' which the periphery electrode 23 generates may go direct mostly with line of magnetic 
force 15 and if it sets up so that magnetic field intensity may turn into electron cyclotron resonance 
magnetic field intensity near the periphery electrode, the efficiency of the plasma production by the 
periphery electrode can be gathered. 

rnofil ] Next, drawing 1 1 explains the 7th example. , ^ . c-, 

0062 proc^s'sin^^- the inside of 51 - stage electrode: - 52 and counterelectrode:53 counter and 
are prepared processing room: - the main part of 5 1 is formed by the grounded metal vessel, and the 
upper part is formed by quartz board:54 - having - **** - a processing room -- :51, the quartz board, 
and the joint of each electrode have vacuum seal structure, and have structure which can exhaust the 
inside of processing room:51 to a vacuum Moreover, a processing room: There is a raw-gas feeder style 
which is not illustrated in 51, and the pressure in processing room:51 can be controlled now by the 
exhaust air controlling mechanism which is not illustrated while supplying a raw gas to the target 

rooSTstage electrode: ~ 52 ~ processing substrate: - it has the structure where 55 can be ****(ed) and 
the temperature of processing substrate:55 under plasma treatment can be controlled now by the 
temperature-control mechanism which is not iUusfrated Moreover, bias power supply which controls the 
energy of the ion which carries out incidence to a processing substrate to stage electrode:52 (2MHz): 56 
is connectcci 

[0064] counterelectrode: - 53 - RF impression ring electrode: -- from 53a 53b and ground ring 
electrode:53c - changing - **** - RF impression ring electrode:53a and 53b - lOOMHz RF- 
eenerator: - 57 is connected and ground ring electrode:53c is grounded , u ui . 

[0065] processing room: - the periphery of 5 1 - coil: - 5 8 is prepared and it has come to be able to 
carry out the formation formation of the magnetic field in the processing intenor of a room 
[0066] Next, the example of operation in the etching processing by this example is explained. 
[0067] stage electrode: - 52 - processing substrate: - 55 is carried in and laid The etching gas 
fluoridation carbon system gas) of a setting flow rate is supplied from the source of etching gas supply 
which is not illustrated, and exhaust air is controlled so that the pressure of the processing interior of a 
room is set to 1 Pa. The silicon-oxide film and silicon film which are an insulator layer ot a 
semiconductor device are formed in the processing substrate, this processing substrate - stage electrode: 
- while making an electrostatic target stick to 52, from the gaseous helium source of supply which is not 
illustrated, helium gas is supplied between a substrate and stage electrode:52, and the temperature rise 
under etching processing of a processing substrate is prevented 

[00681 The RF impression ring electrode which is a counterelectrode: Supply 1.5kW of lOOMHz Rb 
power to 53a and 53b, and generate plasma by electric discharge. RF impression ring electrode: Since it 
dissociates by quartz board:54 between 53a, 53b, and the vacuum atmosphere of the processing interior 
of a room, the energy supply to plasma is performed by capacity coupling In this case, since the electnc 
field formed m the interface of a sheath and plasma are small, an electromc energy distribution is close 
to the Maxwell Boltzmann distribution. . j i^t. i * v c 

[0069] RF impression ring electrode: An electromagnetic wave is emitted as the I^/l^'^tric field E are 
formed between 53a, 53b, and ground ring electrode:53c, a magnetic field is formed from this electnc 
field and electric field are formed fiirther. Since plasma density becomes three 1010-/cm, although the 
electromagnefic wave emitted is not made by advance by electric discharge by ^^^^^^'^ ^^^^j^^ 
plasma, since electric field occur near quartz board:54, an electron is du-ectly accelerated by this electric 
field and energy can be received. In this case, although the electron which receives energy is only an 
elecfron near the quartz board and there are few the rates, an electronic energy level becomes high 
compared with the plasma generated by capacity coupling. 
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[0070] Thus, the energy supplied to plasma has two kinds of paths, what is depended on capacity 
coupling, and direct heating by RF electric field, and since the energy levels which an electron receives 
according to each path differ, an electronic energy situation is changeable in this example, by changmg 
the power rate of each path. If it considers as the method of changing, there are a method of changmg 
the thickness of quartz board:54, and a method of changing the interval of a RF ring electrode and a 
ground ring electrode. If thickness of a quartz board is thickened, the impedance of capacity couplmg 
will become high, discharge voltage becomes high, the rate of electro magnetic radiation increases, the 
power rate supplied by capacity coupling falls, and an electronic energy level becomes high. If the 
interval of a RF ring electrode and a ground ring electrode is narrowed, RF electric field become strong, 
the rate of electromagnetic radiation will increase and an electronic energy level will become high 
similarly. If it is made these reverse, it can bring close to the energy level by electric discharge of only 
capacity coupling. 

[0071] Bias power supply: If 2MHz RF power is switched on 500W fi-om 56, the voltage of 700Vpp(s) 
will occur, the ion from plasma can be accelerated, incidence can be carried out to a substrate, on a 
substrate fi-ont face, by assistance of ion, the etching gas (fluoridation carbon system gas) decomposed 
by plasma, a silicon-oxide film, and a silicon film react, and etching advances. 
[0072] If an electronic energy level is high, decomposition of fluoridation carbon system gas will 
progress, a fluorine system radical amount will increase, and the etch rate of a silicon film will improve. 
Moreover, on the conditions to which such gas decomposition progressed, an etching cross-section 
configuration also becomes near perpendicularly, and it is easy to become an order taper configuration 
on the conditions to which decomposition does not progress. In manufacture of a semiconductor device, 
it is required to make as small as possible the etch rate of a silicon film to the etch rate of the silicon- 
oxide film which is an insulator layer, and to bring it close as perpendicularly [ an etching cross-section 
configuration ] as possible. It is required to find the conditions which the decomposition situation of 
fluoridation carbon system gas is controlled [ conditions ] appropriately for that purpose, and reconcile 

both. . J 1. • 

[0073] In this invention, by stating previously and adjusting the thickness of a quartz board, the interval 
of a RF ring electrode and a ground ring electrode, etc. like, the decomposition situation of fluoridation 
carbon system gas can be controlled, and optimization of an etching property can be performed. 
[0074] Moreover, a RF impression ring electrode: The distribution of plasma is also changeable by 
changing the size of 53a, 53b, and a ground ring electrode. 

[0075] Next, the electronic energy control method of others in this example is explained. 
[0076] RF impression ring electrode: In this example, although it explained previously that the RF 
electric field E were formed between 53a, 53b, and ground ring electrode :53c, and an electromagnetic 
wave was emitted, since it was non-magnetic field conditions, advance of an electromagnetic wave was 
not completed into plasma, but it only supplied energy to the electi-on near the quartz board, this control 
method - coil: - current is passed to 58, a magnetic field B is formed, and the electromagnetic wave 
enabled it to go on in plasma Moreover, it enabled it to set up the intensity of a magnetic field including 
the conditions which start a electi-on cyclotron resonance to the frequency of an electiomagnetic wave, 
and the energy level given to an electi-on is conti-oUed by radiation of the electi-omagnetic wave to 
capacity-coupling electric discharge plasma, and contiol of magnetic field intensity, and it enabled it to 
contiol by them in die suitable electronic energy state. 

[0077] Although the conditions which can advance in plasma can do an electromagnetic wave if even 
the fi-equency of lOOMHz forms a magnetic field, a magnetic field must be the right-angled direction 
mostly to the electric field of an electiomagnetic wave at tiiis time. Therefore, acceleration of the 
election by RF electric field is resti-ained by die magnetic field, and die energy which an electron 
receives fi-om RF electric field is slight, and only raises an electionic energy state slightiy. Therefore, it 
is effective for increasing die election of low energy such as generation of active species. 
[0078] If it is set as 30-40G near the magnetic field intensity which starts a lOOMHz election cyclotron 
resonance, energy is efficiently supplied to the electron in plasma fi-om the RF electiic field of an 
electiomagnetic wave, and an electionic energy level can be raised to more than ionization level, and 
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can promote decomposition of etching gas. n^^ tv,^ i^v^i 

[00791 Thus by changing magnetic field intensity, electromc energy can be controlled from the level 
uitab le for generating a mdical to more than ionization level, the decomposition situation of etching gas 
is made sSle by adjustment of magnetic field intensity, and optimization of an etchmg property can 
be attained. 

rnnsm Next, drawing 12 explains the example of the octavus. ... , ... , . 

0081 The RPimp^^on rhig electrode which forms counterelectrode:53 which show this example to 
drawing 11 : It is the example of others to the portion equivalent to 53a, 53b, and ground nng 

rS RF Spression plate electrode:60 which consist of RF impression plate electrode: 60 and ground 
plate electrode:61 that it seems that it is shown in drawingJLl , and face a pectinate, and a ground plate 
electrode- RF electric field arise among 61 and an electromagnetic wave is emitted by the same pnncipie 
with the example 1 having explained. Moreover, the point that a RF impression plate supplies power by 
capacity coupling to plasma is the same as an example 1 . . . r- ^- . 

[0083] Except for the point describing above, since it is the same, operation and the fimction to 
electronic energy state control are also omitted here. 
rnnR41 Next, drawing 13 explains the 9th example. 

0085 proces"sin^7in^ - L inside of 70 - stage electrode: - 52 and counterelectrode:71 counter and 
prepare - having **** -- a processing room - while :70 and each electrode are insulated by insulating 
maferial:72a and insulatmg material:72b - a processing room - the joint of :70 has vacuum seal 
structure and has structure which can exhaust the inside of processing room:70 to a vacuum 
counterelectrode: - 71 -- lOOMHz RF-generator: -- 57 and low pass filter:73 are connected 
[00861 Processing room: 70 is grounded by the ground, and coil:58 prepare it m the periphery and it 
forms a magnetic field in **** and the processing interior of a room. Moreover, a processing room: 
There is a raw-gas feeder style which is not illustrated in 70, and the pressure m processing room:70 can 
be controlled now by the exhaust air controlling mechanism which is not illustrated while supplying a 
raw gas to the target pressure. ****/^^\o„^ 
[0087] stage electrode: -- 52 - processing substrate: - it has the structure where 55 can be (ed) and 
the temperature of processing substrate:55 under plasma treatment can be controlled now by the 
temperature-control mechanism which is not illustrated Moreover, bias-power-supply (2MHz):56 a 
high-pass filter which control the energy of the ion which carries out incidence to a processing substrate 
to stage electrode:52: 74 is connected. ^ ■ a 

[0088] Next, the example of operation in the etching processing by this example is explained. 
0089 In drawing 13 , processing substrate:55 are carried in and laid m stage electrode:52. The etching 
gas (fluoridation carbon system gas) of a setting flow rate is supplied from the source of etching gas 
supply which is not illustrated, and exhaust air is controlled so that the pressure of the processing 
interior of a room is set to IPa. The silicon-oxide film and silicon film which are an insulator layer of a 
semiconductor device are formed in the processing substrate, this processing substrate - stage electrode: 
- while making an electrostatic target stick to 52, fi:om the gaseous helium source of supply which is not 
illustrated, helium gas is supplied between a substrate and stage electrode:52, and the temperature nse 
under etching processing of a processing substrate is prevented w -i^^triP 

[0090] Counterelectrode: Supply 1.5kW of lOOMHz RF power to 71, and generate plasma by electric 
discharge. Counterelectrode: A sheath is formed between 71 and plasma and the energy supply to 
plasma is performed by capacity couplmg. In this case, since the electric fie W formed ^-^^^^^^^ °f 
a sheath and plasma are small, an electronic energy distribution is close to the Maxwell Boltzmami 

[009*lTco'liliterel^ - 71 and processing room: - the RF electric field E are formed among 70, and 

an electromagnetic wave is emitted ^ , ^ „ • ui j * ♦ tk« 

[0092] Coil- While passing current to 58 and forming the magnetic field B, it enabled it to set up the 
intensity of a magnetic field on both sides of the conditions which start a electron cyclotron resonance to 
the firequency of an impression RF. 
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r00931 Although the conditions which can advance in plasma can do an electromagnetic wave if even 
the frequency of lOOMHz forms a magnetic field, a magnetic field must be the nght-angled direction 
mostly to the electric field of an electromagnetic wave at this time. Therefore, acceleration ot the 
electron by RF electric field is restrained by the magnetic field, and the energy which an electron 
receives from RF electric field is slight, and only raises an electronic energy state slightly. Theretore, it 
is effective for increasing the electron of low energy, such as radical generation , , , , 
r00941 If it is set as 30-40G near the magnetic field intensity which starts a 1 OOMHz electron cyclotron 
resonance, energy is efficiently supplied to the electron in plasma from the RF electric field ot an 
electromagnetic wave, and an electronic energy level can be raised to more than ionization level. Thus, 
electronic energy is controllable by changing magnetic field intensity from the level suitable tor 
generating a radical to more than ionization level. fnnn\Tr.r.r.\ 
[00951 Bias power supply: If 2MHz RF power is switched on 500W from 56, the voltage of 700Vpp(s) 
will occur, it is accelerated on this voltage and carry out incidence of the ion from plasma to a substiate, 
and on a substrate front face, by assistance of ion, the etching gas (fluondation carbon system gas) 
decomposed by plasma, a silicon-oxide film, and a silicon film react, and etching advances. 
[00961 If an electronic energy level is high, decomposition of fluoridation carbon system gas will 
progress, tiie amount of fluorine system active species will increase, and the etch rate of a silicon film 
will improve. Moreover, on the conditions to which such gas decomposition progressed, an etching 
cross-section configuration also becomes near perpendicularly, and it is easy to become an order taper 
configuration on the conditions to which decomposition does not progress. In manufactiire ot a 
semiconductor device, it is required to make as small as possible the etch rate of a silicon film to the 
etch rate of the silicon-oxide film which is an insulator layer, and to bring it close as perpendicularly I an 
etching cross-section configuration ] as possible. It is required to find the conditions which the 
decomposition situation of fluoridation carbon system gas is controlled [ conditions ] appropnately for 

that purpose, and reconcile both. „ j u u 

[00971 The decomposition sitiiation of this fluoridation carbon system gas can be controlled by changing 
magnetic field intensity, and optimization of etching properties, such as an etch-rate ratio of a silicon- 
oxide film and a silicon film and an etching configuration, can conti-ol independently a pressure, and an 
etching quantity of gas flow and RF power by tiiis invention according to it. 
[0098] Next, drawing 14 explains tiie 10th example. 

[0099] The basic composition of this example is the same as the example shown m drawmgJl , and 

explains only difference here. ^^ro,%/MTT i.- 

[0100] Processing room: 70 is not grounded by the ground but high-pass filter:76 [ 800kHz bias-power- 
supply :75,1 OOMHz ] are connected. . • • , J J • ^7 o.,^ o 
[0101] Stage electiode: The substrate heating mechanism which is not lUustiated is included m 77, and a 
processing substiate can be heated now from a room temperature to the set point between 500-degree 

Centigrade. . , , . i • i ,4 

[0102] Next the example of operation in the plasma CVD processmg by this example is explained. 
[0103] stage electiode: - 77 ~ processing substiate: ~ 55 is carried in and laid The CVD gas 
(fluoridation silicon gas + oxygen gas) of a setting flow rate is supplied from the source of CVD gas 
supply which is not iUustiated, and exhaust air is controlled so that the pressure of the processing 
interior of a room is set to 4Pa. a processing substiate ~ stage electiode: - it puts on 77 and the 
temperatiire of a processing substiate is heated to Centigrade 300 degrees counterelectiode: - 71 - 
1 OOMHz RF power - 1.5kW is supplied, capacity-coupling electiic discharge is generated among stage 
eiectrode:77, and CVD gas is made into the plasma state , ^ .u mnA/ru, hiah 

[0104] counterelectrode: - 71 ~ RF-generator: - tiie electiic power supply from 57 - tiie lOOMHz high 
voltage (UOOVpp) - generating ~ a processing room - RF electiic field occur among :70 Processing 
room- Although 70 is not grounded, it is in tiie same state as it was grounded by high-pass filter:76 to 
tiie lOOMHz RF and emit the electiomagnetic wave of a RF like the example shown m drawm gjl . 
[0105] There is much fluoridation silicon gas in tiie silicon-oxide film witii which combination is stiong, 
and decomposition does not progress, but a fluorine is formed, and occlusion is earned out. Like tiie 
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example shown in previous drawing 13 by operation of a 1 OOMHz electromagnetic wave and a magnetic 
field an electronic energy level is controlled, since the fluorine gas which promoted and dissociated 
decomposition of fluoridation silicon gas is exhausted, the occlusion to the mside of a sihcon-oxide film 
is reduced, and membraneous improvement can be aimed at. Moreover, smce decomposition ot 
fluoridation silicon gas is promoted, the reaction of the silicon and oxygen gas which were dissociated is 
also promoted and improvement in a membrane formation rate can also be aimed at. 
[0106] moreover - this example - high-pass filter: -- 74 and high-pass filter: - by setting it as 200MHz 
which is the double cycle of the fi-equency which impresses the firequency charactenstic ot 76, 
impression frequency turns into mixed frequency of lOOMHz and 200MHz from the nonlinear 
characteristic which the plasma sheath has, and magnetic field intensity can make resonance conditions 
also before and behind 70G Changing the rate of the reactance of an adjustment machine and 
capacitance can also realize the mixed rate of this double cycle. 

[0107] In plasma CVD, a silicon-oxide film is formed also in a processing indoor wall, and these 
separate and it becomes particle, and has been a technical problem when manufacturing a 
semiconductor product, this example - processing room: ~ the internal surface of 70 - bias-power- 
supply: ~ the effect which can impress 75 to 800kHz high-frequency voltage, and raises an incidence 
ion energy by this, and the fluorine generated by decomposition of fluondation silicon gas ~ a 
processing room - since it is **********ed and the silicon-oxide film formed in the internal surface 
of :70 is removed, a film is not attached to a processing indoor wall surface during membrane formation, 
but it can reduce generating of particle 
[01 ns] Next, drawing 15 explains the 1 1th example. 

[0109] The basic composition of this example is the same as the example shown m drawing 13 , ana 
explains only difference here. , . j a 

[01 10] counterelectrode: - 71 - counterelectrode: - it consists of 71a and counterelecfrode:71b, and 
each electrode is mutually insulated by insulating material:80a - having - **** ~ moreover, insulating 
material:80b ~ a processing room ~ :70 are insulated each electrode - RF-generator: - 81 and Rt- 
generator;82 are connected, and RF-generator: 81 and RF-generator: 82 generate the same frequency (this 
example 1 OOMHz) from which the phase shifted, and impress it to each electrode 
[0111] the RF from which a phase differs - counterelectrode: - 71a and counterelectrode: - it 
impressed by 71b, RF electric field will arise between counterelectrode:71a and counterelectrode:71b 
When a phase is shifted 180 degrees, RF elecfric field can be generated most efficiently, and if a phase 
shift is made into 0 times, RF elecfric field will become the weakest, this phase confrol and Rt - 
generator- - the elecfromagnetic wave power of a RF and counterelecfrode:71b which are generated 
from between counterelecfrode:71a and 71b by confrolling the power of 81 and 82, and a processing 
room ~ the rate of the elecfromagnetic wave power of the RF generated from between :70 can be 
confrolled, and the homogeneity of etching processing and plasma CVD processmg can be controlled 
Moreover, a RF generator: The supply-voltage rate by capacity couphng can be controlled by 
confrolling the power of 8 1 and 82, and homogeneity can also be controlled by it. 
[01 12] Furthermore, although two sets of RF generators are used in this example, capacitance or a 
reactance is put in between the power lines suppUed to counterelectrode:71a and 71b from one set ot a 
power supply, and the same effect can be acquired even if it carries out shiftmg a phase. 
[0113] Next, drawing 16 explains the 12th example. 

0114 processing room: - the inside of 70 - stage electrode: - 52 and counterelectrode:71 counter and 
prepare - having ~ **** - a processing room - fmm_theetching gas supply mechanism which is not 
illustrated, :70 supply the etching gas of a setting flow rate, aSdcan maintain it at a settmg pressure 
wKilTb^ng able to exhaust them to a vacuum according to the e xhaust air mechamsm which jsnQl 

fljmf^terelecfrode: - 71 - counterelecttode: - it consists of 71a, 71b, and 71c, and each elecfrode 
is mutually insulated by insulating material:80a made from a quartz, and 80b moreover, msulating 
material:80c - a processing room - :70 are insulated counterelectrode: - 71b - RF-generator: - Rl^- 
generator-81 are connected to RF-generator:81 and counterelecfrode:7 la through capacitor:83 at 82 and 
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cou„.ere.ecttode:71c RF.ge„erator: - 81 and 1^2^^^^^ 

the temperature control circulates. ^ prepared, etching gas 

Ld= ftom the silicon single crystal plate, gas '^f^y ^^f^l'i^^^lZply moSui?86a. Cover 
and a corresponding position and the be„me I'^O "l^^^^^^ ^^p^d u. gas supply 

S^Si^Sran^toXS^^^^^^ 
S^^tSce^f:^:^.?^,^^^^ 

s-st,L^«s::s:ittt^^-^^^ 
brrrp?r;;rs°i— 

ITESTHSmposition shut up. composition that lOMHz RF power is 

S^f^:^Srdf^rp.sage: Sysp^.^^^^^ 

eftigerant which is -10 degrees C does not ''^ff^'^fg" ^"^^^ gLeous helium source of supply 
flre gaseous helium which controlled te P«.^»^!°^^'^ttoh is not illustrated in the field in which 
which has prepared the electrostauc ''<','75'™ "=^^7'" and an electrostatic adsorption 

Sm"^dr;:i;ss^^^^^^^^^ 

;T2:is^ge^r^o^S---ermg[ofthepr^^^^^^^^^^^ 

s prepared, the field strength which accelerates „° ^^^^ face, and the thickness 

is adjusted to the level which hardly s co s ^^^^^3 helium 

covering:91 and a stage electrode Seal mech^^^^^^^ § ^^^^-^^ ..^position 

supplied between composition cooled from 52 and 

supplied, thereby -- covenng: 91 - stage electrooe ^ 
the temperature under etching processing c^ be confrol kd m 0 to^_ g ^ 
[0125] the lower stream plate: The fin is prepared in the 

Refrigerant circulates to passage:96 formed ^ it to have taken the large 

direction which does not increase an exhaust back pressure to y^, ana en 
surface area which touches exhaust gas. nrncessine bv this example is explained. 

[0126] Next, the example of operation in the ^^^^^^ pro^' ^^^^^^^^^^^ 
[0127] this example explains the case where an oxide film is 
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[0128] The inside of processing room:70 is controlled to 2Pa, mixing, supplying and exhausting an 
argon and C4F8 gas from the source of etching gas supply which is not illustrated, etching gas - gas 
supply mouth- -- it is supplied from 86a, 86aa, 86b, and 86bb The counterelectrode to which, as for 
between counterelectrode:? lb, and 71a and 71c, the etching gas of 3KPa(s) was filled, and the 
temperature control of cover-plate:87a, and 87b and 87c was carried out by this at this tune: It is cooled 
by 71 and controlled by the temperature of 15 degrees C - 50 degrees C. [ cover-plate: 87a, 87b and 87c, 

mm signal generator: -- 97 -- a lOOMHz RF signal -- generating -- counterelectrode:? 1 -- RF- 
generator: -- RF power is supplied from 81 and 82 and electric discharge by capacity coupling is 
generated among stage electrode: 52 . u-^v nn 

10130] counterelectrode: -- 71a and counterelectrode: -- between 71c -- capacitor: -- a phase shitts W 
degrees bm\nd high-frequency voltage is impressed Counterelectrode: The high-frequency voltage 
between TT^d counterelectrode 71a can be set as gaps arbitrary from 0 times to 180 degrees with the 
phase contr ol of the RF signal by signal generator:97 . Therefore, the high-frequency voltage generated 
befweeHmsulating material:80a can also make it low to make it high with the phase control of signal 
generator:97 to the high-frequency voltage generated between insulating matenal:80b. thereby - 
insulating material: - it can also make it low to make power of the dectromagnet^c wave emitted high 
from between 80a to the power to which it emanates from between insulating matenal:80b 
[0131] CoiLJhe electron in plasma is accelerated by the electron cyclotron resonance with the lOOMHz 
electromagnetic wave emitted when power is supplied and the magnetic field of 40G was generated 
from 30 from the DC power supply which are not illustrated to 58, while electron temperature rises, 
plasma density also becomes high, and three or more [ 1x101 1cm - ] plasma densities can be generated. 
Moreover, a counterelectrode: A radiation electro magnetic wavpi^ontrolled by phase control of the 
v^^ph-fr^q.Unrv vnltape imnress edto 71. and the"lIsffibmiDgg £5IaSm adpnsity ran he controlled. _ 
Moreover^a RF generatorrTGTelectron-temperature distribution is also controllable by the plasma 
distribution by capacity-coupling electric discharge being controllable by controlling the output of 81 
and 82, and a radiation electromagnetic wave doubling comparatively and controlling. 
[0132] In this example, capacity-coupling electric discharge power raised the rate supplied to the 
periphery section, and the electric discharge by radiation of an electromagnetic wave raised the supply- 
voltage rate to a core. Thereby, the electron temperature of a core was high, and the penphery section 
becomes low, suppresses generating of the fluorine radical in the periphery section to which 
decomposition of etching gas progresses, and could be made to perform uniform processmg. 
[0133] Moreover, it becomes difficult for there to be more thickness of the depository film which 
adheres to the substrate front face of a core under the influence of the flow of etching gas when 
processing the diameter substrate of macrostomia than the periphery section, for the cone angle of the 
side of an etching pattern to become large in a core also in an etching configuration, and for a difference 
to arise in an etching configuration in the core and periphery section, and to form an etching 
configuration detailed all over the diameter substrate of macrostomia with high precision. In such a case, 
in this invention, plasma density distribution can be slightly controlled by raising the electromagnetic 
radiation of a core to a convex disfribution, the cone angle of an etching configuration can be confro ed 
by making the ion current of a core increase, and highly precise etching processmg can be realized all 
over the diameter substrate of macrostomia. Since still such processing can set up the phase of the signal 
of signal generator:97 with the recipe of an etching system like a setup of process conditions, to the 
process from which etching conditions, such as contact hole etching and through hole etching, differ, it 
can be set up separately appropriately and does not need to adjust hard composition etc. 
[0134] Since high-density plasma can be generated also by the 2Pa low voltage force about an etching 
performance, a perpendicular contact hole can be etched by the etch rate of 900 nm/mm, and it can be 
compatible in micro-processing nature and productivity. Decomposition of etching gas can be controlled 
by control of electron temperature also about selectivity, and the process conditions with which micro- 
processing nature and selectivity are compatible can be expanded. 

[0135] Under etching processmg, the cover plate of counterelecfrode:71 : In order that the temperature 
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control of the front face of 87a, 87b, and 87c may be carried out and the ion in plasma may accelerate 
and carry out incidence by the lOOMHz high-frequency voltage impressed further, Since it is in the state 
which the depository film was not formed in the front face, and were ** [ the state / front face / of a 
silicon board ] in the front face of cover-plate :87a and 87b, **********ed slightly in SiC on the front 
face of cover-plate: 87c, and the always new field exposed. The reaction in this front face and a gas 
evolution are maintained at a fixed state. 

[0136] stage electrode: ~ covering [ of 52 ]: - acceleration and temperature control of incidence ion 
according [ the front face of 91 ] to impression of bias power similarly ********** slightly in the front 
face of a quartz, and the reaction in a front face and a gas evolution are kept constant 
[0137] Processing room: Since the intemal surface of 70 is grounded, most ion which carries out 
incidence is not accelerated, but the polymerization fihn of C and F is formed in the intemal surface. 
Since the front face can always be maintained at a fixed state since an always new film is formed, and 
the skin temperature is kept at 50 degrees C, there is no gas evolution from a depository fihn, and it can 
keep a surface state and a gas evolution constant. 

[0138] Since a depository film is not formed in counterelectrode:71 and stage electrode:52 but there is 
also no transformation of a front face while being able to prevent change of the etching property by 
repeating etching processing by these, there is almost no generating of dust. The processing room where 
a depository film adheres: Since temperature is kept constant as the front face of 70 was described 
previously, between an adhesion film and a processmg indoor wall surface, the force by expansion etc. 
does not occur and don't generate ablation of a film. By this example, generating of dust has been 
sharply reduced with the cure of this, and a counterelectrode and a stage electrode. 
[0139] that by which this invention is limited to this although the above example explained focusing on 
etching and CVD - it is not - a plasma polymerization, a spatter, and ** - if it is a process using 
plasma like, it is clear that it is applicable similarly 

[0140] Although this example has explained the case where frequency is 68MHz and lOOMHz, about 
the frequency of the RF generator for plasma generating, this is what was explained in the example 
about the conditions that the radiation effect of an electromagnetic wave is high, and the same effect will 
be acquired if high-frequency voltage is made higher than this on low frequency. Although not 
theoretically limited to frequency, the frequency on which the effect by experiment is checked at present 
is lOMHz or more. Although frequency higher than this was also theoretically usable, the discharge 
voltage in the need and capacity-coupling electric discharge became [ the waveguide which a power 
supply cannot make easily at present ] low, and since [ - electromagnetic radiation power cannot be 
done highly -- ] there was a problem in respect of being practical, this example did not explain. 
[0141] Although this example explained magnetic field intensity centering on near the electron 
cyclotron resonance condition, in the resuh of an experiment, the effect that plasma density improves on 
no less than about 1/3 magnetic field conditions of electron cyclotron resonance conditions is seen. 
Although plasma density falls and there is a difference according to process conditions when plasma 
density increases to electronic cyclotron conditions with a magnetic field and the change of plasma 
density to magnetic field intensity strengthens magnetic field intensity ftirther, it falls to the plasma 
density level of the conditions which do not impress a magnetic field by 3 times as many magnetic field 
intensity as this from the double precision of electron cyclotron resonance conditions. Therefore, 
although magnetic field intensity is not limited to electron cyclotron resonance conditions, an effect is 
large near the electron cyclotron resonance condition. It is shovra that this phenomenon means that the 
energy supply to plasma from a ****** electromagnetic wave is controllable by the magnetic field for 
changing magnetic field intensity, and electronic energy control can perform it by the magnetic field. 
[0142] this example explained the plasma generating method focusing on capacity-coupling electric 
discharge and the composite flash of electromagnetic radiation. Since it is the purpose to control an 
electronic energy state, this is explained focusing on this, however, the insulated conductor - a member 
- this very thing of generate [ plasma ] is also clear, and the method of making it the composition to 
which high-frequency voltage is impressed in between, and emitting an electromagnetic wave may 
become one plasma generating technology However, in order to prevent that high-frequency voltage 
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falls by the capacity-coupling component with plasma, the consideration which makes as small as 
possible capacity formed between an electrode and plasma is required of this method. 
[0143] Processing room: About the temperature control of 70, by this example, although it was set as 50 
degrees C, it is not limited to this. Since a depository fihn will no longer be formed in a front face, it will 
become impossible to form an always new depository side and temperature will also increase 
disassembly of an adhesion film rapidly above 200 degrees C if the temperature of an internal surface 
exceeds 200 degrees C, it is necessary to set it as the temperature not more than this. It is the 
temperature which 10 to 80 degrees C which sandwiched the temperature of the environment where 
equipment is used practical tend to use. 
[0144] 

[Effect of the Invention] In plasma treatment equipment, an electronic energy state can control now by 
this invention independently, and controls generating of active species by it by this, and it enabled it to 
aim at coexistence of the property that coexistence is difficult, with the conventional technology, such as 
high selective etching, high degree of accuracy and high-speed etching or membraneous quality, and 
membrane formation speed. 

[0145] The density distribution of plasma can be controlled without changing hard composition, and a 
detailed pattern can be etched now with high precision all over the diameter substrate of macrostomia. 
[0146] Generating of the dust accompanying plasma treatment and change of a plasma treatment 
property can be prevented, and the productivity of a semiconductor device and a liquid crystal display 
element can be raised now. 

[0147] While being able to achieve highly efficient-ization of processings, such as a semiconductor 
device and a liquid crystal display element, and attaining production of a more highly efficient device by 
these, it is effective in the yield being good and being able to produce these devices for high 
productivity. 



[Translation done.] 
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